Countries can check the performance of their logistics' activities to determine their competitiveness in trade logistics. One way to check these performances is to analyze the country's LPI value in detail which is released by the WB every two years. When calculating the LPI, six indicators (criteria) are taken into account. The weights (importance level) of these criteria are important for countries which would like to focus more on the most important criteria and move their ranking up in the LPI list. However the WB takes into account indicators (criteria) weights equally when calculating LPI values. In order to overcome this problem some studies have used subjective weighting methods and others have used objective weighting methods. Both methods have advantages and disadvantages. The aim of this study is to integrate two weighting methods (subjective (SWARA) and objective (CRITIC)) in determining the weights of criteria in order to balance the two weighting methods. Unlike other studies in the literature this study combines two weighting methods. Additionally the PIV method, which is seldom used to address any MCDM problem, is used in this study and a new integrated MCDM model is introduced to literature. In this respect this study contributes to the literature.
Introduction
With the impact of globalization and the increasingly competitive environment logistics has become one of the most important factors of trade. Influential logistics services promote product mobility, ensure product safety and velocity as well as cost reduction when trading between nations (Martí, Puertas, & García, 2014) . Additionally nowadays the logistics service industry is accepted as the economy's 'bloodstream' indicating a strong correlation between the demand for logistics services and the economy's situation (Kawa & Anholcer, 2019) . Logistics activities are of great importance in addressing transport, storage and packaging problems effectively and particularly to increase the competitiveness of companies and the country. The significant sources of sustainable competitive advantage have been supply chain management and logistics (Çakır, 2017) . Nevertheless inefficient logistics have a negative impact on both countries and companies by increasing operational costs and reducing turnover (Martí et al., 2014) .
Nowadays markets have become virtual in spatial terms. With the increase in the virtual market and e-commerce the importance of logistics' services is increasing day by day. With the development of technology logistics has become an important topic for both countries and private companies. For the economies of countries logistics is a significant driver (Yildirim & Mercangoz, 2019) . Countries can check the performance of their logistics activities to determine their competitiveness in trade logistics. One way to check these performances is to analyze the country's LPI (logistics performance index) value in detail. In order to aid countries in determining the opportunities and challenges which they face in their performance on trade logistics, LPI is a benchmarking instrument formed (Çakır, 2017) . The LPI of countries is published every two years by the World Bank (WB) . When calculating the LPI six indicators: tracking and tracing (C1), logistics quality and competence (C2), international shipments (C3), customs (C4), timeliness (C5) and infrastructure (C6) are taken into account. The WB makes scoring based (1 to 5) surveys while determining the LPI. Scores (1 to 5) which show that countries with near-five scores have high logistics performance, on the other hand countries with low logistics performance have a score close to one.
Countries try to increase overall LPI scores and to rank higher in the LPI list when developing strategies (Yildirim & Mercangoz, 2019) . When developing these strategies countries need to determine which indicator of LPI should be more focused upon. However the WB takes into account indicators (criteria) weights equally when calculating LPI values. This is an obstacle for effective policies to be developed by countries (Yildirim & Mercangoz, 2019) . In order to overcome this problem some studies in the literature have used subjective weights for criteria by using subjective weighting methods instead of equal weighting (Rezaei, van Roekel, & Tavasszy, 2018; Yildirim & Mercangoz, 2019) . One of the biggest disadvantages of subjective weighting methods is that the results can change depending on the place or the people surveyed. For example, according to the study of Rezaei et al. (2018) , sorting of criteria is as follows; C6, C2, C5, C4, C3, and C1. In another attempt to de-termine criteria weights, according to the study of Yildirim and Mercangoz (2019) , sorting of criteria are as follows; C6, C5, C4, C2, C3, and C1. As can be seen the sorting of criteria is different. Instead of subjective weighting methods some studies have used objective weighting methods (Çakır, 2017) . The main disadvantage of these methods is that they achieve criteria weights without expert opinions. That is, these methods do not consider the experience of experts in the sector. In this study both types of weighting methods (subjective and objective) will be used to make a balance between the two weighting methods. Thus neither the purely subjective weighting nor the objective weighting will be used. In this study the LPIs of European Union (EU) countries, which is one of the most important trade integrations in the world, will be evaluated with an integrated multi-criteria decision making (MCDM) model comprising CRITIC (criteria importance through intercriteria correlation) method, SWARA (step-wise weight assessment ratio analysis) method and PIV (proximity indexed value) method. The aim of this study is to integrate the two weighting methods (subjective (SWARA) and objective (CRITIC)) in determining the weights of criteria in order to balance between the two weighting methods. Unlike other studies in the literature, this study combines two weighting methods. Additionally the PIV method, which is seldom used to address any MCDM problem, is used in this study and a new integrated MCDM model is introduced to literature. In this respect this study contributes to the literature.
The CRITIC method is preferred in this study since it considers the correlations between the criteria. Besides the Entropy method, another objective weighting method uses the logarithmic approach. In this method if the normalized version of a criterion is "0", the logarithmic value cannot be found and this criterion cannot be considered in the evaluation process. The SWARA method is preferred in this study since it is easy to collect data and to compute criteria weights compared to the AHP (analytic hierarchy process). The PIV method is both easy to use and has fewer computation steps and the results are reached quickly. In addition it has been proved by Mufazzal and Muzakkir (2018) that PIV minimizes rank reversal problems compared with other MCDM methods.
This study will continue as follows. In the first section the studies related to logistics performance evaluation and the studies related to the components of the proposed model are presented. The second section shows the proposed methods. In the third section, the logistic performances of the countries will be measured by using the proposed model. In the fourth section, the effects of changes in the weights of the criteria on the ranking of countries will be discussed. The final section, will provide conclusions, managerial implications, limitations and recommendations for future studies.
Literature review
In the literature studies on the evaluation of logistics performances are generally done at the firm level. Some of the current studies are summarized as follows. Karbassi Yazdi, Hanne, Osorio Gómez and García Alcaraz (2018) integrated Entropy, Delphi and EAMR methods were used to identify the most appropriate third-party logistics provider for the Iranian automobile industry. They used the Delphi method to identify the criteria, the Entropy method to determine the weights of criteria, and EAMR to rank the alternatives. Chen, Goh and Zou (2018) created a model including fuzzy axiomatic design and extended the regret theory to determine the most appropriate logistics provider for an omni-channel retailer. Authors validated the results of the proposed model by comparison with traditional regret and TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) methods. Singh, Gunasekaran and Kumar (2018) combined fuzzy AHP (analytic hierarchy process) and TOPSIS to identify the most suitable third-party logistics provider among three alternatives for a health food manufacturing company located in India. Authors used fuzzy AHP to determine the weights of criteria and fuzzy TOPSIS to rank the alternatives. Sremac, Stević, Pamučar, Arsić and Matić (2018) developed a hybrid, rough based MCDM model including SWARA (Step-wise Weight Assessment Ratio Analysis), WASPAS (Weighted Aggregated Sum Product Assessment), and Dombi aggregator to identify the best third-party logistics provider among ten alternatives for the chemical industry of Serbia. They took into account eight criteria and the preferences of five experts in the evaluation process. Ecer (2018) combined EDAS (Evaluation Based on Distance from Average Solution) and fuzzy AHP to select the most appropriate third-party logistics provider among four alternatives for a marble quarry located in Turkey. Author considered eleven criteria in the evaluation process. Pamucar, Chatterjee and Zavadskas (2019) presented a hybrid MCDM model based on interval rough numbers consisting of BWM (Best Worst Method), WASPAS and MABAC (Multi Attributive Border Approximation Area Comparison) to choose the optimal third-party logistics provider among six alternatives. Authors took into account five criteria in the assessment process. Ulutaş (2019) integrated Entropy method and EDAS method to evaluate the performance of logistics companies. Author used the Entropy method to identify the weights of criteria and EDAS method to rank logistics companies. Compared to the number of studies on the evaluation of logistic performances at company level, the number of studies on the evaluation of the logistic performance of countries is very few.
Some of the studies related to logistic performance of the countries are summarized as follows. Martí and others (2014) examined the impact that each of the criteria of LPI has on the trade of developing countries by using a grav-ity model. D' Aleo (2015) used an explanatory linear regression model to analyze the mediator role of LPI on the relationship between the Gross Domestic Product and Global Competitiveness Index from 2007 to 2014 in Europe. As a result the increasing efficiency of the logistics system of a country has a positive effect on wealth. Çakır (2017) proposed a hybrid model including CRITIC, SAW (Simple Additive Weighting) and Peter's fuzzy linear regression to compare the LPIs of OECD countries by considering 2014 data. The author used CRITIC to determine the weights of criteria and SAW and fuzzy linear regression to rank OECD countries. Martí, Martín and Puertas (2017) suggested DEA (Data Envelopment Analysis) to calculate the overall logistics performance synthetic index and to compare the countries' logistics performance by considering LPI. The findings of this study indicate that logistical performances of countries are closely linked to their geography and income. Rezaei and others (2018) proposed BWM to identify weights to components of LPI. They conducted a survey in which 107 experts participated for the calculation of weights. The weights of criteria obtained in this study are C1 (0.102), C2 (0.217), C3 (0.126), C4 (0.159), C5 (0.1601) and C6 (0.2354) respectively. The finding of this study is that infrastructure is the most significant component of LPI. Yildirim and Mercangoz (2019) integrated fuzzy AHP and ARAS-G (Grey Additive Ratio Assessment) to analyze LPI of OECD countries in the period between 2010 and 2018. The finding of this study is that infrastructure is the most significant component of LPI.
The components of the proposed model (CRITIC and PIV methods) have been used to solve different MCDM problems. The CRITIC method has been used to solve different MCDM problems, such as material selection (Jahan, Mustapha, Sapuan, Ismail, & Bahraminasab, 2012) , the evaluation of performance of logistics companies (Çakır & Perçin, 2013) , the evaluation of performance of third-party logistics companies (Keshavarz Ghorabaee, Amiri, Zavadskas, & Antuchevičienė, 2017) , air conditioner selection (Vujicic, Papic, & Blagojevic, 2017) , and the evaluation of performance of a cargo company (Ulutaş & Karaköy, 2019) . The SWARA method has been used to solve different MCDM problems such as supplier selection (Alimardani, Hashemkhani Zolfani, Aghdaie, & Tamošaitiene, 2013) , packaging design selection (Stanujkic, Karabasevic, & Zavadskas, 2015) , personnel selection (Heidary Dahooie, Beheshti Jazan Abadi, Vanaki, & Firoozfar, 2018) and outsourcing provider selection (Perçin, 2019) . The PIV method has been used to solve only two MCDM problems which are the selection of e-learning websites (Khan, Ansari, Siddiquee, & Khan, 2019) and the evaluation of experiments (Yahya, Asjad, & Khan, 2019) . As can be seen the applications of the PIV method in the literature are very few, therefore, this study uses this method to solve a MCDM problem. The next section will explain the methodology in detail.
Methodology
In this study an integrated MCDM model including CRITIC, SWARA and PIV methods is proposed to evaluate the LPIs of European Union (EU) countries. In the first stage the objective weights of criteria are obtained by using the CRITIC method. The subjective weights of criteria are then achieved by using the SWARA method. After this these weights are integrated to determine the combined weights of the criteria. The ranking of EU countries is made by using PIV method. The framework of the proposed model is indicated in Figure 1 .
The following criteria are considered in the evaluation process (World Bank, 2019) .
-tracking and tracing (C1), -logistics quality and competence (C2), -international shipments (C3), -customs (C4), -timeliness (C5), -infrastructure (C6).
All criteria used in this study are beneficial criteria so equations related to cost criteria in the proposed model are not indicated. Diakoulaki, Mavrotas and Papayannakis (1995) introduced the CRITIC method. The CRITIC method will be used to obtain the objective weights of criteria as follows (Madić & Radovanović, 2015) .
Step 1 
(1)
Step 2: This matrix is normalized by equation 2:
Step 3: Taking into account the standard deviation (σ j ) of each criterion and the correlations (c jk ) of the criteria with each other, the objective weights of each criterion are obtained:
where,
SWARA method
The SWARA (introduced by Keršuliene, Zavadskas, & Turskis, 2010) method is utilized to obtain the subjective weights of criteria. The steps of the SWARA method are presented as follows (Stanujkic et al., 2015) .
Step 1: Depending on their expected significances criteria are listed in descending order.
Step 2: Criteria are compared among themselves. The jth criterion and j + 1th criterion are compared. In the criteria comparison, "comparative importance of average value" (d j ) is used (Keršuliene et al., 2010) . This value is between 0 and 1 value and it is multiples of five (Adalı & Işık, 2017) .
Step 3: The coefficient g j is computed as follows:
Step 4: The recalculated weight (f j ) is calculated as follows:
Step 5: Subjective weights (w js ) of criteria are obtained as follows:
The integration of criteria weights (objective (obtained in CRITIC method) and subjective (obtained in SWARA method)) will be made by using following equation (Zavadskas & Podvezko, 2016) : 
In equation 8, w jc is the combined weights of criteria.
PIV method
The PIV method was developed by Mufazzal and Muzakkir (2018) as follows.
Step 1: Decision Matrix is structured. This step has been made in equation 1.
Step 2: This matrix is normalized by using equation 9:
Step 3: The combined weights of criteria are multiplied by the normalized values using the following equation:
Step 4: The Weighted Proximity Index (e ij ) is obtained by using equation 11:
Step 5: The Overall Proximity Value (OPV) (z i ) is calculated by using equation 12. The alternative having the least value of OPV is identified as the best alternative:
Application
In this section the proposed model is applied to 2018 LPI data of EU countries (All data used in this study were retrieved from World Bank, 2019) . The decision matrix is indicated in Table 1 . Equation 2 is applied to the decision matrix (indicated in Table 1 ) to achieve the normalized decision matrix. This matrix is indicated in Table 2 . By using equation 3 the objective weights of criteria are obtained. Table 3 presents the objective weights of criteria. After obtaining the objective weights (presented in Table 3 ), the SWARA method is applied to achieve the subjective weights of criteria. The data for the SWARA method were obtained from three managers from three leading logistics companies with activities in EU countries. Table 4 presents the results of the SWARA method for the first manager. The same process is made for other experts. All individual subjective weights of criteria are integrated with a geometric mean. Table 5 indicates the integrated subjective weights of criteria. By using equation 8 the subjective (presented in Table 5 ) and objective (shown in Table 3 ) weights of criteria are combined. Table 6 indicates the combined weights of criteria. After obtaining the combined weights of criteria (shown in Table 6 ), equation 9 in the PIV method is applied to the Decision Matrix (indicated in Table 1) to normalize it. The normalized decision matrix (for the PIV method) is indicated in Table 7 . By using equation 10 the weighted normalized decision matrix is obtained presented in Table 8 . After this equation 11 is used to obtain e ij values. Then the OPV (z i ) is computed by using equation 12. Table 9 indicates the OPV values and the rankings of countries. According to the results of the proposed model (indicated in Table 9 ), the top 10 rankings of EU countries are as follows; Germany, Sweden, Netherlands, Austria, Belgium, United Kingdom, Denmark, Finland, France and Spain.
Discussion
Countries intend to increase overall LPI scores and to rank higher in the LPI list when developing strategies (Yildirim & Mercangoz, 2019) . Countries need to identify which indicator (criterion) of LPI should be focused more on in developing strategies. In this study two types of weighting methods (SWARA (subjective) and CRITIC (objective)) were used to identify which criterion is most effective on LPI. The order of importance of the criteria varied according to the method used. For instance the criteria according to the CRITIC method (indicated in Table 3 ) are as follows: C3 > C4 > C6 > C5 > C1 > C2. According to the results of the CRITIC method the most important criterion is determined as international shipments (C3). On the other hand the criteria according to the SWARA method (presented in Table 5 ) are as follows: C6 > C2 > C4 > C5 > C1 > C3 and the most important criterion is determined as infrastructure (C6). When the results of CRITIC and SWARA methods (shown in Table 6 ) are combined with equation 8 the order of criteria is as follows: C6 > C4 > C3 > C2 > C5 > C1. According to the combined results of methods the most important criterion is determined as infrastructure (C6). The C6 criterion, which is selected twice as the most important criterion, is determined as the most important criterion according to the dominance theory (Brauers & Zavadskas, 2011) . Changes in the weights of criteria can lead to changes in the ranking of countries. Table 10 shows the country rankings by criteria weights.
According to the results of the combined weights of criteria (indicated in Table 10 ), the top 10 rankings of EU countries are as follows; Germany, Sweden, Netherlands, Austria, Belgium, United Kingdom, Denmark, Finland, France, and Spain. The ranking of some of the top 10 countries does not change according to the change in criteria weights. These countries are Germany, Sweden, Austria, and Finland. The ranking of the other six countries changes with respect to criteria weights. Belgium is in the third rank in objective weighting and original ranking (equal weights of criteria), on the other hand, it is in the fifth rank in subjective weighting and combined weighting. Conversely, Netherlands is the fifth rank in objective weighting and original ranking, on the other hand, it is the third rank in subjective weighting and combined weighting. The United Kingdom is the sixth in objective weighting, subjective weighting, and combined weighting, however, it is seventh in the original ranking. Denmark is the seventh rank in objective weighting and combined weighting and it is sixth in subjective weighting and original ranking. Spain is ninth in objective weighting but it is tenth in other weightings. Conversely, France is the tenth rank in objective weighting but is ninth in other weightings. It can be seen that changes in the weights of criteria partially affect the ranking of countries. Therefore criteria weights need to be accurately determined.
Conclusions
In this study the LPIs of European Union (EU) countries, which is one of the most important trade integrations in the world, was evaluated with an integrated MCDM model comprising CRITIC, SWARA and PIV methods. The CRITIC method was used to the obtain the objective weights of the criteria. The SWARA method was used to obtain the subjective weights of the criteria. Then, subjective and objective weights of the criteria were integrated to determine the combined weights. When the results of the CRITIC and SWARA methods (presented in Table 6 ) were combined the order of criteria was as follows: C6 > C4 > C3 > C2 > C5 > C1. According to the results of the proposed model (indicated in Table 9 and Table 10 ), the top 10 rankings of EU countries are as follows; Germany, Sweden, Netherlands, Austria, Belgium, United Kingdom, Denmark, Finland, France and Spain. In the discussion section, it was observed that change in weights of criteria affects the ranking of countries partially. Therefore, the criteria weights need to be accurately determined. This study does not consider the weights of criteria unilaterally (objective or subjective). This study used two weighting methods (subjective (SWARA) and objective (CRITIC)) to determine the weights of criteria unlike other studies. In this respect this study brings a new perspective to LPI assessment. Additionally, the PIV method, which is seldom used to address any MCDM problem, was used and a new integrated MCDM model was introduced to the literature thus making a new contribution. The managers of logistics companies wishing to invest in EU countries can determine the country in which they would like to invest with the help of the methods presented here. In addition, the managers of logistics companies can determine which criteria should be focused upon more by checking the weights of the criteria obtained in the study. Although this is a micro-based solution the company is expected to contribute to the LPI value of the country where it is located. Although this study brings a new perspective to the literature it has some limitations. Firstly, only EU countries have been evaluated. More detailed research can be made by increasing the number of countries. Secondly, the data used in the SWARA method was obtained from three experts. Results can be made more powerful by obtaining data from more experts. Thirdly, only one year (2018) was taken into account in the analysis. By considering more years the analysis can be enriched.
